OBJECTIVE: Recent reports have linked calcium channel blockers (CCBs) with an increased risk of acute myocardial infarction (AMI). We sought to determine to what extent physicians relinquished CCBs following these adverse reports and if there were differences in the use of CCBs and other AMI therapies across 3 levels of specialist involvement: generalist attendings, collaborative care (generalist with cardiologist consultation), and cardiologist attendings.
I
n recent years, a growing number of studies have compared the performance of generalist and specialist physicians in the management of common conditions, 1±5 such as acute myocardial infarction (AMI). 6±11 Typically, these studies have documented the underuse of proven effective therapies by generalists. Usually, generalists are thought to have less knowledge of recent advances or less condition-specific experience than specialists. 1±12 Alternately, generalists may be more cautious about change and innovation, or more concerned about risks and complications than benefits.
were rapidly adopted and later found to be ineffective or harmful. 16, 24, 25 Specialists may adopt emerging therapies more aggressively, independent of the available evidence, while generalists may deliberately delay adoption until there is more evidence of benefit or the long-term risks are better understood. 1, 4, 15, 25 This delayed adoption is variously attributed to caution, 1, 4, 6 skepticism, 14, 23 inertia, 26 a``wait-and-see attitude,'' 4,27 or conservatism. 4, 16, 17 Rather than studying adoption, some researchers have suggested that a more informative approach for understanding decision making might be studying relinquishment. 25,27±29 Relinquishment is the abandoning of a therapy that is considered ineffective or harmful, and for which an alternative exists. 25 Unlike adoption, relinquishment may be a``rational clinical decision, rather than a response to nonclinical pressures.'' 25 We studied the relinquishment of calcium channel blocker (CCB) therapy for patients with AMI. Introduced in the mid-1980s, CCBs were new, expensive, heavily marketed, well tolerated, presumed safe, and capable of decreasing both blood pressure and angina. 24, 30, 31 Within a decade, physicians had adopted CCBs for 30% to 40% of all patients with AMI discharged from hospital, although these drugs had never been convincingly demonstrated to prolong life or prevent adverse cardiovascular events.
30±33
Beginning in March 1995, a number of adverse reports appeared in the literature, linking the use of short-acting CCBs with an increased risk of AMI. 34±36 Associated with these reports were editorials urging cautious interpretation and a need for further study, 37±39 and waves of intense media scrutiny. 37, 40, 41 Regardless of the validity of these adverse reports, CCBs, as a class, became associated with potential risk. Furthermore, evidence of benefit in the AMI setting was still lacking. 30, 31 We hypothesized that after the adverse reports there would be a decrease in the use of CCBs in patients with AMI, and generalists would be as likely to decrease the use of CCBs as specialists. To test these hypotheses, we performed cross-sectional analyses of population-based data on the treatment of AMI by generalists and specialists, collected before (1992±1993) and after (1995±1996) the widespread scientific and media reports concerning the safety of CCBs. We also studied the use of other AMI treatments, both effective (aspirin, b-blockers, and thrombolytic therapy) and ineffective (lidocaine), and examined differences in the use of these agents across physician specialty as well as changes over time.
METHODS

Patients and Setting
The data for the present study are from the medical records of patients admitted with AMI to 37 Minnesota hospitals. These hospitals were involved in a controlled quality improvement intervention for the early treatment of AMI. 42 The intervention itself was not directed at CCBs and did not affect their use. Data were collected for 10 months before (October 1992 to August 1993) and 10 months after (July 1995 to May 1996) the first adverse reports about CCBs. Our study hospitals represented more than 80% of all community hospital beds and more than half of all AMIs statewide. Two of the hospitals were public teaching hospitals, and 17 were located in rural communities.
During the 20 months of data collection, 5,347 patients (2,409 patients before; 2,938 patients after) were admitted with a diagnosis of acute or suspected myocardial infarction (MI) and met at least 2 of the following criteria: (1) clinical symptoms typical of AMI, (2) compatible electrocardiographic findings as documented in the medical record, and (3) elevated serum creatine kinase and myocardial band fractions. Patients were excluded if they died before admission, were transferred from a nonstudy hospital, or had suffered an AMI in the previous 2 weeks. We also excluded patients with missing data (n = 210, 3.9%), for a final study sample of 5,138 patients.
Dependent Variable
The primary outcome was the prescription of any CCB at discharge. Decreased use of CCBs between our 2 observation periods represented``relinquishment.'' Because the decision not to start a medication may be different from stopping a medication, we also performed separate analyses for the 3,903 patients who were not taking CCBs at admission (potentially eligible for starting) and the 1,235 patients who were already using CCBs at the time of admission (potentially eligible for stopping).
Independent Variables
We described temporal trends by using a binary variable, the prescription of a CCB before (1992±1993) or after (1995±1996) the adverse reports. We collected data at the level of the hospital (n = 37), physician (n = 2,265), and patient (n = 5,138). At the hospital level, we assessed teaching status, location (urban or rural), and relative AMI volume (<50, 50 to 100, or >100 AMIs per year).
We defined 3 levels of involvement by specialist physicians in the care of AMI patients: (1) generalist attending (an internist, family physician, or general practitioner as attending); (2) collaborative care (a generalist attending with a consultation from a cardiologist); and (3) cardiologist attending. 9 We also determined attending We collected information on the use of AMI therapies and other clinical variables related to the patient's hospital course, including the use of thrombolytic therapy and lidocaine, development of post-AMI angina, congestive heart failure, atrial fibrillation, or hypertension. We assessed noncardiac comorbidity with Greenfield's Index of Co-Existent Disease (ICED). 43 This index has components for coexistent diseases and their severity, based on physical impairment and functional status. We graded each component on an ordinal scale, and then combined levels of coexistent diseases and impairment into a final 4-point scale, ranging from no comorbidity (ICED = 0) to severe comorbidity (ICED = 3). 43 Based on the results of our previous work, 44 we used ICED score as a binary variable,
i.e., the absence (ICED = 0, 1, or 2) or presence (ICED = 3) of severe comorbidity. Finally, we collected data on all cardiovascular medications prescribed at discharge, including aspirin, b-blockers, nitrates, loop diuretics, angiotensinconverting enzyme (ACE) inhibitors, and CCBs.
Data Collection and Integrity
Nurses experienced in the care of AMI patients collected data from medical records using an abstraction instrument designed for the study. Abstractors were required to demonstrate initial and ongoing interrater agreement with a criterion review of 95% or more. 42 We conducted retrospective audits of a random sample of 10% of each abstractor's completed cases to ensure each abstractor met and maintained the data quality standard of 95% all-item agreement with a study auditor. 42 
Statistical Analysis
We performed all analyses using SAS 6.12 (SAS/STAT User's Guide. Version 6. Vol. 2. 4 th ed. SAS Institute, Cary, NC). Using c 2 tests for univariate analyses, we compared study variables across the 3 levels of cardiologist involvement, including their use of effective (aspirin, b-blockers, and thrombolytics) and ineffective (CCBs and lidocaine) therapies for AMI. We also studied differences in the use of these 5 AMI therapies between our initial observation period (1992±1993) and our follow-up period (1995±1996). We used multivariate logistic regression to study the association between the involvement of a cardiologist and the use of CCBs at discharge, controlling for time and all variables significantly associated (P < .05) with the level of cardiologist involvement in univariate analysis. We included 4 additional terms in these models (prior use of CCBs, bronchospastic disease, prior AMI, and post-AMI angina) because these variables were found to be significantly associated with the use of CCBs at discharge. To examine whether temporal trends were modified by the involvement of a cardiologist, we included pairwise interaction terms (collaborative care by time and generalist attending by time) in models that used cardiologists as the referent group. Neither interaction term was statistically significant (P > .05), so these terms were excluded from final models. We used similar modeling strategies to examine the multivariate association between the level of cardiologist involvement and the use of aspirin, b-blockers, thrombolytic therapy, and lidocaine.
We used generalized estimating equations (GEE) to account for the possible lack of independence (clustering) of patients treated within the same hospital, 45±47 a manifestation of local practice style. 20, 21 We used robust, model-based GEE estimates for all adjusted odds ratios (OR), 95% confidence intervals (CI), and P values.
45,46
RESULTS
Univariate Analysis
Most of the 5,138 patients studied were elderly (mean age, 67 14 years); 62% were male; and most were white (89%). A description of study variables, stratified across different levels of cardiologist involvement, appears in Table 1 . Most patients (76%) had a cardiologist involved in their care, either as an attending physician (23%) or a consultant (53%). However, the patients cared for by generalist attendings were substantially older and had more severe comorbidity than the patients for whom a cardiologist was consulted or was the attending.
In general, there appeared to be a graded relationship between the increased use of effective AMI therapies and the greater involvement of a cardiologist in providing care (Table 1 and Table 2 ). For example, thrombolytic therapy was used in 29% of patients of generalist attendings, 42% of patients when a generalist consulted a cardiologist, and 64% of patients of cardiologists. Over time, there was an increase in the use of all effective AMI therapies (Table 3) . In unadjusted analyses, we observed that the more directly involved a cardiologist was in providing AMI care, the greater was the adoption of effective therapies over time.
The use of CCBs decreased somewhat during the 10 months of the 1992±1993 observation period, from 26% (October/November 1992) to 22% (July/August 1993; P = .065 for linear trend) of all AMI patients. This is consistent with the 3% to 4% decrease per year described in the literature for this same time period. 32, 33 During this initial period, which was before the adverse reports, the patients of cardiologists were more likely to use CCBs than collaborative care patients or the patients of generalists (28% vs 24% vs 19%, P = .002). The use of CCBs decreased an absolute 14%, from 24% of patients with AMI before the adverse reports to only 10% after the reports. The proportion of patients starting CCBs decreased over time (from 16% to 6%), while the proportion stopping CCBs increased over time (from 55% to 76%). Figure 1 and Figure 2 display the temporal trends for starting and stopping CCBs, stratified by the level of cardiologist involvement. Patients who were prescribed CCBs after AMI were more likely to be elderly, female, and have preexisting indications such as hypertension or atrial fibrillation (Table 4) . Patients already using a CCB at the time of admission or who had a specific contraindication to a b-blockers such as bronchospastic disease were also more likely to be discharged with a CCB.
Multivariate Analysis
The seemingly large overall differences in the use of effective therapies between cardiologists and generalists that we observed in unadjusted comparisons were largely explained by differences in patient characteristics ( Between the 2 observation periods, physicians increased their use of effective AMI therapies (Table 3) . However, the only difference we found in temporal trends according to the level of cardiologist involvement was a greater increase over time in the use of aspirin by cardiologists (adjusted OR, 1.97) than generalists (adjusted OR, 1.20; P = .035 for the difference). Between the 2 observation periods, physicians decreased their use of ineffective therapies such as CCBs and lidocaine (Tables 3 and Table 4 ). We observed a decrease in the use of CCBs from 1992±1993 to 1995± 1996 (adjusted OR, 0.33; 95% CI, 0.27 to 0.39). This represents the adjusted odds of CCB relinquishment, and it was independent of physician specialty (Table 3 and  Table 4 ). Furthermore, CCB relinquishment was not significantly modified by physician specialty. The adjusted odds of CCB relinquishment did not differ between cardiologists (adjusted OR, 0.23) and generalists (adjusted OR, 0.30: P = .12 for the difference). However, a number of other variables, particularly other medications, were associated with the use of CCBs at discharge (Table 4) . There was also a decrease in the use of lidocaine from 1992±1993 to 1995±1996 (Table 3 ). The adjusted odds of lidocaine relinquishment did not differ between cardiologists and generalists (P = .24 for the difference).
DISCUSSION
Relinquishment itself has rarely been studied, 25,27±29 and these data are the first to examine differences in relinquishment according to the degree of specialist involvement. Compared with baseline use in 1992±1993, which was before the adverse reports, we found that CCB use had decreased by more than half in 1995±1996. This decrease occurred because CCBs were started less often and stopped more often, a pattern of practice common to both generalists and specialists. Furthermore, our results imply that generalists were less likely than cardiologists to adopt effective AMI treatments such as aspirin and thrombolytic therapy. Despite differences in the adoption of effective therapies, both generalists and specialists were equally likely to relinquish ineffective therapies associated with potential risk such as lidocaine and CCBs. By the late 1980s, up to 40% of all patients with AMI were prescribed CCBs, 30±33 despite the lack of proven benefit in this setting. 30, 31 Thereafter, there was a steady decline in CCB use post-AMI, estimated at 3% to 4% per year, until 1992±1993. 32, 33 In Minnesota, we found an absolute reduction of 14% between 1992±1993 and 1995± 1996. Except for the adverse reports documented in 1995, 34±36 we are unaware of any other historical forces that might have simultaneously influenced CCB prescribing throughout the state. This decrease in the use of CCBs is consistent with what we know about certain elements of physician decision making. Physicians are often considered risk-averse, employing the principle that the avoidance of harm to a patient is more important than the doing of good, and typified by the credo, primum non nocere. 48 One model of decision making that acknowledges these principles is Regret Theory, which proposes that: (1) physicians compare outcomes for a particular therapeutic decision by thinking about the regret they would feel if they failed to choose the best alternative for their patient, and (2) physicians act to minimize their own regret. 48, 49 When regret is large (e.g., when a patient dies as a direct result of therapy that they had initiated), that alternative is relatively overweighted.
48±50
Viewed within this framework, CCBs might have been widely used in 1992±1993 when they were viewed as innovative, of possible benefit in ischemic injury, 30, 31 and safe, but were relinquished by physicians in 1995± 1996 when CCBs were older, still of unproven benefit, and perhaps, potentially harmful. The perception of risk or harm presented in the adverse reports, coupled with the availability of safe and effective alternatives such as b-blockers, could have led to relinquishment of CCBs in an effort to minimize regret.
We found differences in the adoption of effective therapies for the treatment of AMI according to the level of specialist involvement. In our study, generalist physicians caring for patients with AMI were less likely than cardiologists to use aspirin and thrombolytic therapy, a finding consistent with previous literature.
6±9 Underuse of proven effective therapies by generalists has been reported for conditions as disparate as AIDS 2,3 and peptic ulcer disease, 4, 5 and has usually been attributed to less knowledge and less condition-specific experience on their part. 1±12 However, there may be a number of competing or alternate explanations for these consistently reported findings. For example, we found that the substantial differences in case-mix between the patients of generalists and cardiologists explained much, but not all, of the apparent difference in the use of effective therapies. It may also be that cardiologists and other specialists have an inherent bias towards action, 17, 51 tend to be early adopters of emerging therapies for the sake of being innovative, 4,13±16,24,25,29 or have different attitudes toward risk. 1,3,48±50 Consistent FIGURE 1. Starting calcium channel blockers in patients after acute myocardial infarction (AMI). In 1992±1993, 272 (16%) of the 1,683 patients not taking a calcium channel blocker (CCB) at admission were started on one following AMI; in 1995±1996, 139 (6%) of the 2,220 patients not taking a CCB at admission were started on one following AMI.
FIGURE 2. Stopping calcium channel blockers in patients after acute myocardial infarction (AMI). In 1992±1993, 318 (55%) of the 582 patients who were taking a calcium channel blocker (CCB) at admission had it discontinued following AMI; in 1995± 1996, 494 (76%) of the 653 patients who were taking a CCB had it discontinued following AMI.
with these possibilities, we found that cardiologists were more likely than generalists to use thrombolytic therapy but not b-blockers. Although we are unaware of any supporting literature, cardiologists may have also adopted a number of other AMI treatments more rapidly than generalists, such as CCBs, prophylactic lidocaine, 9,52 encainide and flecainide, 53 and magnesium 54 Ðin retrospect, all harmful or ineffective. As Mitchell has observed, the``myocardial infarction battlefield is littered with bad advice, and yet each discarded dogma was initially hailed as`the answer.''' 13 Despite the fact that generalists were less likely to adopt some effective AMI therapies, we found that they were as likely to relinquish CCBs as cardiologists. If this decreased use of CCBs was a response to the adverse reports, generalists were as responsive to potential risk or harm as specialists. This further supports the possibility that knowledge and experience are not the entire explanation for differences in therapeutic decision making between generalists and specialists. Concerns or attitudes regarding risks, long-term complications, and ultimate value may also be very important, 1±4,6,13±17 especially given that the patients of generalist physicians tend to be much older and sicker than the patients of cardiologists.
7±10
Although we had a large community-based sample of AMI patients and a detailed clinical database that allowed for the control of case-mix and other potential confounders, our study has at least 5 limitations. First, and most important, we did not have enough information about, nor could we statistically control for, prescribing trends before 1992±1993 or between our data collections. Data from 2 large AMI registries, however, provide evidence for only a small, but continuous, decline in the use of CCBs before the adverse reports. 32, 33 That decline was reflected in our 1992±1993 data. Second, we considered CCBs as a single therapeutic class. We did not have specific information about the relinquishment of short-acting nifedipine, the agent implicated in most of the adverse reports. Third, we did not have information about the role of patient demand. Because the adverse reports were widely cited in the lay press, patient demand probably played a role in physician decision making. 17, 23 Fourth, we studied the treatment of only 1 condition, AMI, which was also the putative adverse outcome associated with CCB use. Others have shown that, after the adverse reports, there was little change in prescribing of CCBs for hypertension. 40, 41 Fifth, these results are based on data from the patients and physicians from only 1 state. We do not know whether we can generalize our findings to other physicians caring for other populations of patients.
In conclusion, compared with cardiologists, we believe that the generalist physicians we studied werè`t herapeutically conservative.'' They were less likely than specialists to adopt some effective therapies for AMI, but just as likely to relinquish ineffective therapies associated with possible harm. This pattern of practice may be a response to an expanding, but increasingly risky and uncertain, pharmacopoeia. If educators, policy makers, and specialists want to accelerate the adoption of an effective therapy by generalist physicians, we believe that they may need to more convincingly address concerns about potential risks and long-term complications.
